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(54) Semiconductor light-emitting device and method for manufacture thereof 



(57) A device with a low resistance zone having con- 
finement, superior reproducibility, and a very high yield 
comprises a plurality of semiconductor layers, wherein 
layer resistivity is changed by annealing. The semicon- 
ductor layers include a low resistance zone (44) having 
a high activation coefficient of acceptor impurities and 



a high resistance region (45) having a low activation co- 
efficient of acceptor impurities. The activation coefficient 
Is controlled by irradiation with laser light. In addition, 
laser light is irradiated and absorbed into the semicon- 
ductor layers in one part of, or the entire, semiconductor 
layers, such that layer resistivity in the irradiated regbns 
is changed by annealing resulting from such Irradiation. 
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D scription 

The invention relates to a semiconductor device 
that can be used as a light-emitting device and to a 
method of manufacturing such device. In particular, the 
invention relates to a semiconductor light-emitting de- 
vice and its manufacturing method, where the confine- 
ment structure and low resistance areas are easily 
formed, the reproducibility thereof is superior, and the 
yield thereof is very high. 

As shown in Fig. 1 , a known semiconductor laser 
having a layered structure is formed from a substrate 
70. n-type cladding layer 71 , active layer 72, and p-type 
cladding layer 73. A top electrode 74 and a bottom elec- 
trode 75 are placed at the two ends of this layered struc- 
ture. 

When current is injected into the active layer 72 
from the top electrode 74, light resonance arises in the 
active layer 72 and laser light 76 is emitted in a pre- 
scribed direction, e.g. in a perpendicular direction for 
vertical cavity surface emitting lasers. Because current 
is supplied to the active layer 72 from the top electrode 
74, the p-type cladding layer 73 must have a low resis- 
tivity (generally, about 1Q-cm). Japanese Unexamined 
Patent Publication No. 5-1 831 89 disclosed a technology 
that may be used to make a low resistivity p-type clad- 
ding layer 73. 

In the semiconductor laser device having the form 
shown on Fig. 1 . the p-type cladding layer 73 extends 
over the entire structure and has uniform resistivity. Ac- 
cordingly, the following problems arise: 

• Light emission efficiency decreases; 

• Threshold current at the start of oscillation becomes 
large; 

• The device is easily destroyed by the generation of 
heat; and 

• During oscillation operation the device becomes 
unstable. 

A known solution to the above problems is to use a 
conventional current-confined semiconductor laser de- 
vice, as shown in Figs. 2 (A) to 2(C). The laser device 
in Fig. 2 (A) has a planar stripe structure in which an n- 
type contact layer is formed on a p-type cladding layer; 
and in which a top electrode is formed after Zn that is 
diffused in a striped form reaches the p-type cladding 
layer through the n-type contact layer The structure is 
r f erred to as a confinement type structure, although the 
current spread in such device is large and the degree of 
confinement is poor. 

The laser device shown on Fig. 2 (B) has a proton 
implanted structure. In this device, a p-type contact layer 
is formed on a p-type cladding layer. The top electrode 
is formed in a striped part that remains after protons are 
implanted. To make this structure, it is necessary to con- 
trol the amount of implantation of the protons. Because 
this process exhibits inferior reproducibility, it is not easy 



to use the process to fabricate devices of unifomn qual- 
ity 

The laser device shown on Fig. 2 (C) has a buried 
heterostripe structure and, as such, it is layered with an 
s n-type cladding layer an active layer, a p-type cladding 
layer on an n-type substrate (InP), a top electrode, and 
a bottom electrode. This structure exhibits excellent cur- 
rent confinement because the p-type cladding layer has 
a confinement structure. However in forming the con- 
10 finement structure, manufacturing becomes complex 
because etching and regrowth are essential steps. 

For laser devices, such as those shown on Figs, 2 
(A) to 2(C). where the laser device has a current-con- 
fined structure, processing cannot usually be repeated 

IS when a processing error occurs. Therefore, such proc- 
esses as are used to produce these devices result in 
poor yields and an accompanying negative effect on 
manufacturing costs. 

Except for the structure of Fig. 2 (C). generally, 

20 when a structure that confines the current In the light 
emitting area is formed in a laser device, the bonding 
area between the contact layer and electrode layer nec- 
essarily becomes narrow. As a result, the contact resist- 
ance between the semiconductor and metal becomes 

2S large, Joule heat arises in the contact while the element 
is operating, and the characteristics of the element de- 
teriorate. 

An annealing method that consists of heating by a 
heater and electron beam radiation. In addition to laser 
^0 light radiation, produces problems related to local heat- 
ing when the device is heated by the heater Conse- 
quently, a method other than local heating must be de- 
vised to form the current-confinement structure. For 
electron beam radiation, local heating is possible. How- 
35 ever because the electron beam scans, annealing by 
this technique takes considerable time and therefore 
significantly reduces process productivity. 

The invention provides a semiconductor device, in 
particular a tight-emitting semk:onductor device, e.g. a 
semiconductor laser device, or a semiconductor LED 
device, and a method for manufacturing same. The de- 
vice has superior current confinement, is easily manu- 
factured, has superk)r reproducibility, and has improved 
yield, as well as allowing ample degrees of freedom in 
designing the confinement. 

The manufacturing method herein described in- 
cludes a step that irradiates the light-emitting devk:e 
with laser light at a wavelength that is absorbed in the 
semiconductor layer in a part of, or the entire, semicon- 
ductor layer such that the resistivity of the semiconduc- 
tor layer is changed by annealing produced by said laser 
light in said irradiated zone. The exemplary embodiment 
of the invention provides a p-type semiconductor al- 
though the same laser annealing step can be imple- 
mented for an n-type semiconductor 

In the invention, such annealing Is accomplished by 
using laser light irradiation (hereinafter called laser an- 
nealing) to decrease or increase the resistance in a part 



45 



so 



3 



3 



EP 0 723 303 A2 



4 



of, or the entire area of, the p-type semiconductor layer. 
If laser annealing is performed under specific condi- 
tions. /. 0. in an atmosphere of N2, in a part of or the entire 
area of the p-type semiconductor layer where the acti- 
vation coefficient of the acceptor impurities is low (that 
Is. for high resistance), the area can attain a low resist- 
ance. In contrast, if laser annealing is performed under 
specific conditions, i.e. in an atmosphere of NH3, In a 
part of or the entire area of the p-type semiconductor 
layer where the activation coefficient of the acceptor im- 
purities is high (that is, for low resistance), the area can 
attain a high resistance. 

The manufacturing method applies to a p-type sem- 
iconductor layer that is formed by a single crystal growth 
process having a resistivity that is changed by anneal- 
ing. According to this method, a semiconductor device 
is fabricated in which the semiconductor layer includes 
a low resistance zone where the activation coefficient of 
the acceptor impurities is high, and a high resistance 
zone where the activation coefficient of the acceptor im- 
purities is low. 

When the herein described manufacturing method 
is used, a light-emitting device, e.g. laser device or LEO 
device (including the surface emitting type), can be 
manufactured with or without stripes. In addition, the in- 
vention can be used to manufacture a variety of layered 
structures, such as double heterostructures or single 
heterostructures. For example, if a double heterostruc- 
ture is adopted, the n-type cladding layer, active layer, 
and p-type cladding layer are layered in this or the op- 
posite order. Laser annealing can be used in such struc- 
tures to create a low resistance region, where the acti- 
vation coefficient of the acceptor impurities is high, and 
a high resistance region, where the actlvatbn coefficient 
of the acceptor impurities is low. in parts of the p-type 
cladding layer. 

Furthermore, when the herein described manufac- 
turing method is used, a p-type semiconductor layer can 
be easily manufactured, where the low resistance re- 
gion provides confinement. Thus, a confinement type, 
low resistance region can be formed by laser annealing 
to give a part of the p-type semiconductor layer either 
low or high resistance. 

In the former case, laser light at a wavelength that 
Is absorbed Into the high resistance p-type semiconduc- 
tor is converged or diverged by a lens or mask and irra- 
diated to form a high resistance p-type semiconductor. 
That is, laser annealing is used to form a confinement 
type, low resistance i^egion. 

In the latter case, a reflecting mirror is formed In a 
part of the top surface, or upper region, of the low re- 
sistance p-type semiconductor layer. Laser light is irra- 
diated at a wavelength that is absorbed into the p-type 
semiconductor layer. In other words, laser annealing is 
used to form a confinement region that does not have a 
high resistance (that is, it is a low resistance region). 

The herein described manufacturing method uses 
to advantage the difference In the optical absorption 



spectrum due to components of the material. For exam- 
ple, a characteristic laser light having a specific wave- 
length is absorbed in p-type semiconductor of a certain 
composition, but it is not absorbed into a p-type semi- 

5 conductor of some other compositions. Thus, a light- 
emitting device having a layered structure consisting of 
a semiconductor layer including a confinement type, a 
low resistance region, and a semiconductor layer exhib- 
iting low resistance over the entire region can be man- 

10 ufactured. 

When manufacturing a light-emitting device having 
a double heterostructure, the p-type cladding layer and 
p-type contact layer are layered in the following order: 
n-type cladding layer, active layer, and p-type cladding 

IS layer These layers are formed from p-type semiconduc- 
tor layers having resistivities that are lowered by anneal- 
ing. In addition, a p-type contact layer is formed on a p- 
type cladding layer. Specifically, materials are selected 
so that a forbidden band gap of the p-type contact layer 

20 becomes smaller than a forbidden band gap of the clad- 
ding layer. 

Laser light having a wavelength that is absorbed in- 
to the p-type contact layer and p-type cladding layer is 
Irradiated from the contact layer side of the layered 

2S structure to form a confinement type, low resistance re- 
gion in the p-type cladding layer. Laser light having a 
wavelength that is absorbed into the p-type contact layer 
but is then transmitted through the p-type cladding layer 
Is Irradiated from the contact layer side of the layered 

30 Structure to develop low resistance only in the p-type 
contact layer. These steps can be used to manufacture 
a light-emitting device that has a layered structure hav- 
ing a p-type cladding layer with a confinement type, low 
resistance region and a p-type contact layer exhibiting 

35 low resistance over the entire area. 

Annealing can be performed by heating a part of. or 
the entire, semiconductor device and irradiating the de- 
vice with laser light, or it can be performed by cooling a 
part of. or the entire, semiconductor device and irradi- 

40 ating the device with laser light. By using this supple- 
mental heating or cooling, a spatial temperature gradi- 
ent is obtained in a specific area of the p-type semicon- 
ductor, such that annealing can be performed. 

There are two methods that can be used for laser 

4S annealing, i.e. continuous laser irradiation, and pulsed 
laser irradiation: 

• In continuous irradiation, the temperature distribu- 
tion in the sample attains a steady state. The tem- 

so perature reaches its maximum in the part of the de- 
vice that absorbs the laser light, and becomes lower 
in the part of the device with no absorption away 
from the absorption part. 

• In contrast, in pulsed irradiation the temperature 
ss distribution In the sample changes over time. At the 

instant of the pulsed irradiation, the temperature in 
the absorption part increases, but it takes a relative- 
ly long time until the heat generated by the absorp- 



EP 0 723 303 A2 



6 



tion diffuses. Therefore, the temperature surround- 
ing the absorption part does not increase immedi- 
ately. As a result, an extremely steep temperature 
gradient can occur at the boundary between the ab- 
sorption region and the non-absorption region. Con- s 
sequently, for pulsed irradiation, a more abrupt 
change in resistivity can be created between the ab- 
sorption region and non-absorption region than in 
continuous irradiation. By adjusting the strength 
and pulse width of the laser light, a variety of resis- io 
tivlty gradients can be formed. 

It is difficult to form widths smaller than several mi- 
crons to 1 0 microns for the resistance regions in the con- 
ventional Zn-diffusion type device shown in Fig. 2(A), is 
and the conventional proton implantation type device 
shown in Fig. 2(B). In contrast, because laser fight is 
used herein, by converging the light with a lens, anneal- 
ing in the range of the wavelength of the laser light (1 m 
or less) is possible. Accordingly by adjusting the beam 
focus, a light-emitting device having a low resistance re- 
gion in a shape (that is, a confinement shape having an 
extremely narrow end) that was usually difficult to create 
in manufacturing using conventional techniques can be 
manufactured. In addition, low resistance regions can 2S 
be formed in very narrow regions (about the wavelength 
of laser light), as well as confinement shapes. 

A plurality of photolithography processes are re- 
quired to manufacture a conventional buried hetero- 
stripe structure device shown in Fig. 2(C). In contrast, 30 
when the invention is used to form low resistance re- 
gions during manufacturing, photolithography process- 
es become unnecessary or few in number, and manu- 
facturing is thus simplified. 

In addition, even when processing errors occur dur- 3S 
ing the manufacturing process, various steps of such 
process can be repeated because the semiconductor 
layers can be made low resistance or high resistance 
repeatedly under specific conditions, thus significantly 
improving device yields. 40 

Fig. 1 illustrates a conventional semiconductor la- 
ser; 

Figs. 2(A) to 2(C) illustrate a conventional current- 4S 
confined semiconductor laser; 

Figs. 3(A) to 3(E) illustrate an embodiment of the 
invention by which a semiconductor device (light- 
emitting device) is manufactured; so 

Figs. 4(A) and 4(B) illustrate the operation of the in- 
vention when using an auxiliary heater and cooler; 

Fig. 5 Illustrates another embodiment of the inven- ss 
tion in which a semiconductor device (light-emitting 
device) having an insulating substrate is manufac- 
tured; 



Figs, 6(A) to 6(D) illustrate an embodiment of the 
invention by which the semiconductor device (light- 
emitting device) is manufactured; 

Figs. 7(A) and 7(B) illustrate an embodiment in 
which a semiconductor device (light-emitting de- 
vice) having a p-type substrate is manufactured: 
and 

Figs. 8(A) and 8(B) illustrate a microlens used in the 
manufacturing method of the invention. 

The following is an example of one embodiment of 
a semiconductor light-emitting device made in accord- 
ance with the invention, where the device so fabricated 
is a semiconductor laser 

A variety of semiconductor materials can be used 
In the invention. For reference. Table 1 lists specific ex- 
amples of combinations of compounds used in the ac- 
tive layer, p-type cladding layer, and contact layer when 
manufacturing a double heterostructure light-emitting 
device. Instead of N in Table 1 , P or As can be used, or 
compounds mixing N, R and As (for example, GaNPor 
GaNAs) can be used. In Table 1 . entries on the impurity 
dopant are omitted. 

Table 1 



Active Layer 


Cladding layer 


Contact Layer 


InGaN 


GaN 


InGaN 


InGaN 


AIGaN 


InGaN or GaN 


GaN 


AIGaN 


InGaN or GaN 


AIGaN 


AIGaN 


InGaN or GaN 


BgaInN 


BAIGaN 


BInN or BGaN 


BgaN 


BAIN 


BInN or BGaN 



As illustrated in Fig. 3(A), the n-type cladding layer 
3 is formed on an n-type buffer layer 2 which lies on the 
n-type substrate 1 (SIC in this embodiment), and an ac- 
tive layer 4 is formed on top. A p-type cladding layer 5 
(p-type AIGaN doped with Mg) is then formed on top of 
the active layer 4. 

A contact layer 6 for ohmic contact is formed on the 
p-type cladding layer 5, In this embodiment, AtN is used 
to form the n-type buffer layer and n-type AIGaN doped 
with Si is used to form the n-type cladding layer 3. The 
forbidden band gap of the contact layer 6 must be small- 
er than the forbidden band gap of a p-type cladding layer 
3. Here, p-type AIGaN is used to form the p-type clad- 
ding layer 5 and p-type GaInN is used to form the contact 
layer 6. 

Conventional techniques, such as liquid phase epi- 
taxy, vapor phase epitaxy (VPE). metal organic vapor 
phase epitaxy (MOVPE). and molecular beam epitaxy 
(MBE) may be used as the crystal growing techniques 
in the manufacturing method of the invention. A crystal 
growth method employing MBE is adopted in the exem- 
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plary embcdiment. After forming the p-type cladding lay- 
er 5, the cladding layer 5 and contact layer 6 exhibit low 

resistance. 

As shown in Fig. 3(B), laser annealing is performed 
in an atmosphere of NH3, and the p-type cladding layer 
5 and the contact layer 6 then exhibit high resistance. 
In laser annealing, laser light having a wavelength which 
is absorbed into a p-type cladding layer 5 and contact 
layer 6 is used. In this case, instead of laser annealing, 
another annealing technique employing electron beams 
can also be used. It should be noted that when manu- 
facturing using an MOC V method, for example, because 
the cladding layer 5 becomes high resistance when 
forming the p-type cladding layer 5. the step of anneal- 
ing under the'atmosphere of NH3 can be omitted. 

As illustrated in Fig. 3(C), laser light (in this embod- 
iment, an excimer laser light 8 having a wavelength of 
248nm) is irradiated in pulses having a wavelength that 
is absorbed in both the p-type cladding layer 5 and the 
contact layer 6 on the p-type cladding layer 5 (specifi- 
cally, from the top of the contact layer 6) in an Ng atmos- 
phere. Because this laser light 8 is converged by a rod 
lens 7, the irradiated region 9 exhibits both confinement 
shape and low resistance. This development of low re- 
sistance is thought to be the result of the removal of hy- 
drogen in the irradiated region 9 and the activation of 
the acceptor impurities. 

As shown in Fig. 3(C), the irradiated width in the 
boundary between the p-type cladding layer 5 and the 
active layer 4, and that in the boundary between the con- 
tact layer 6 and the p-type cladding layer 5 are 1 m and 
2m, respectively. Although not clearly shown in Fig. 3 
(C), the confinement shape of the laser light 8 irradiating 
through the rod lens 7 forms a wedge shape. Therefore, 
the low resistance region assumes the same shape. In 
the invention, the confinement structure produced by 
the laser light may have an inverted cone shape. For 
such purposes, a surface emission laser formed in the 
same shape as the low resistance region can be man- 
ufactured. 

One problem associated with control of the anneal- 
ing t mperature is that if the annealing temperature is 
too low, the annealing result disappears, and if it is too 
high, annealing is performed in areas where a lower re- 
sistance than desired is caused by heat conduction. 
Consequently, an approximate annealing temperature 
of from about SOO^C to about 700'*C is suitable, but 
about 600"*C is presently thought to be ideal. 

' When the desired annealing temperature cannot be 
obtained, bias heating is performed by an auxiliary heat- 
er 20, as shown in Fig. 3(C). The temperature for bias 
heating is appropriately controlled in response to the 
thickness of the p-type cladding layer 5. When the tem- 
perature is too high, regions which should have a high 
resistance are heat annealed and become low resist- 
ance. 

As shown in Fig. 3(D). an excimer laser light 8' hav- 
ing a wavelength of 351 nm irradiates in pulses from the 



top of the contact layer 6 in an atmosphere of N2. The 
laser light 8' is absorbed in the contact layer 6« and the 
irradiated region 9' is annealed. Annealing by the laser 
light 8' activates acceptor impurities in the contact layer 
s 6. Because the 351 nm laser light 8' is transmitted 
through the p-type cladding layer 5 (i.e. it is not ab- 
sorbed by the p-type cladding layer 5), the p-type clad- 
ding layer 5 is not annealed. Accordingly, the current- 
confinement structure of the p-type cladding layer is 

10 maintained unchanged, and the contact layer can have 
a low resistance. Even in this situation, an approximate 
annealing temperature of from about 600'C to about 
700''C is suitable, but about 600**C is presently thought 
to be ideal. As above, a low resistance region is formed 

IS in the contact layer 6. 

As shown in Fig. 3(E), the top electrode 1 1 is formed 
In contact with the low resistance region formed in the 
contact layer 6. The bottom electrode 12 is formed on 
the bottom of the substrate 1 , as shown on Fig. 3(E). By 

20 adding a few modifications to the processes Illustrated 
on Figs. 3(A) to 3(E), a vertical cavity surface emitting 
laser can be manufactured. As is easily understandable 
by persons skilled in the art. an aperture is opened in 
the top electrode 11 in this case. Reflecting mirrors are 

25 formed in the aperture in the top electrode 11 between 
the substrate 1 and the n-type cladding layer 3 

In the above-mentioned embodiment, bias heating 
is performed by an auxiliary heater 20. but bias heating 
can be omitted under some conditions, for example 

30 when the desired annealing temperature can be ob- 
tained by laser light 5 irradiation. 

A cooler can be provided instead of the auxiliary 
heater 20. The cooler can increase the temperature gra- 
dient in the boundary between the laser light irradiated 

3S region and the non-irradiated region in the p-type clad- 
ding layer 5. Thus, the spatial resistivity transition from 
the low resistance region to the high resistance region 
becomes very steep. 

Figs. 4(A) and 4(B) illustrate the contours (i.e. lines 

40 of equal resistivity) tracing spatial changes in resistance 
from the low resistance region to the high resistance re- 
gion. Fig. 4(A) shows the case using the auxiliary heater 
20. Fig. 4(8) shows the case using the cooler 21 . In Fig. 
4(A), the temperature of the auxiliary heater is about 

45 SOO'^C. In Fig. 4(B), the cooling temperature is about - 
lOO^'C. The annealing temperature for each is about 
700° C. The light-emitting device is indicated by 01 . The 
spatial temperature gradient along the periphery of the 
region that is laser annealed can be controlled by the 

50 auxiliary heater or cooler. 

Fig. 5 shows a light-emitting device in which an in- 
sulator is used as the substrate. In the device in the 
same figure, an n-type buffer layer 31 . n-type cladding 
layer 32. active layer 33. p-type cladding layer 34. and 

55 p-type contact layer 35 are layered and formed on an 
insulating substrate 30. After forming the current-con- 
finement structure using laser annealing, the top elec- 
trode 36 is formed. Then, the projection 32' is formed in 
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the region above the center of the n-type cladding layer 
32 by etching to remove the shape, such that only the 
neighboring confinement region remains. 

The bottom electrode 37 is formed on the part of the 
n-type cladding lay r 32 that is not a part of the projec- s 
tion. In the light-emitting device shown in Fig. 5. similar 
to the light-emitting device shown in Fig. 3, the low re- 
sistance zone 38 of the p-type cladding layer 34 and low 
resistance zone 39 of the p-type contact layer 35 are 
confinement structures. Because the method for form- io 
ing the confinement shape is similar to that for the device 
of Figs. 3 or 4, it Is omitted here. 

Figs. 6(A) to 6 (D) illustrate another embodiment of 
the invention. As shown on Fig, 6(A). the substrate 40 
(n-type SiC), buffer layer 41 (n-type AIN), n-type clad- is 
ding layer 42 (n-type ALGaN doped with Si), active layer 
43 (undoped GaInN), p-type cladding layer 44 (p-type 
AIGaN doped with Mg), and contact layer 45 (p-type 
GaInN) for obtaining an ohmic contact are formed. This 
is the same as for the structure shown on Fig. 3(A). so 

A reflecting mirror 46 is formed on the contact layer 
45. In the above process, MBE is used as in the embod- 
iment shown on Fig. 3. When MBE is used, the acceptor 
impurities are activated immediately after forming the p- 
type cladding layer 44. and the p-type cladding layer 44 2S 
b comes low resistance. If the light-emitting device is 
manufactured by MOCV, the acceptor impurities are in- 
active in the cladding layer 44 when the p-type cladding 
layer 44 is formed. That is. the cladding layer 44 be- 
comes high resistance. Consequently, the low resist- 30 
ance must be created by performing a suitable proce- 
dure on the p-type cladding layer 44 in an N2 atmos- 
phere, such as heat annealing or irradiating by an exci- 
mer laser light having a 248nm wavelength. 

As shown on Fig. 6(B). an excimer laser light 47 3S 
having a 248nm wavelength irradiates in pulses on the 
p-type cladding layer 44 (specifically, from the top of the 
contact layer 45) in an atmosphere of NH3. The laser 
light 47 irradiates a portion excluding the part directly 
below the reflecting mirror 46 in the contact layer 45 and 40 
p-type cladding layer 44. The acceptor impurities in the 
irradiated region 48 are not activated. The part 48 ex- 
cluding the part 48' directly below the reflecting mirror 
46 In the contact layer 45 and p-type cladding layer 44 
b comes high resistance. The part 48' directly below the 45 
reflecting mirror 46 remains at a low resistance and be- 
comes a confinement structure. 

As shown on Fig. 6(C), an excimer laser light 47' 
having a 351 nm wavelength irradiates in pulses from the 
top of the contact layer 45 in an atmosphere of N2. The so 
laser light 47' is absorbed in the contact layer 45, In this 
case, the 351 nm laser light 47' is transmitted through 
the p-type cladding layer 44 as in the previous embod- 
iment. That is. it is not absorbed by the p-type cladding 
layer 44. Thus, the p-type cladding layer 44 is not an- ss 
nealed. The p-type cladding layer 44 retains the con- 
finement structure, and the contact layer 45 becomes 
low resistance. 



As shown in Fig. 6(D), the reflecting mirror 46 is re- 
moved by etching, and the top electrode 49 is formed In 
contact with the low resistance region formed on the 
contact layer 45. The bottom electrode 49' is formed on 
the bottom of the substrate 40. As a result, a laser device 
is formed in which the tow resistance region is a con- 
finement type structure. 

When the reflecting mirror 46 is not removed, a ver- 
tical cavity surface emitting laser that uses the reflecting 
mirror in a part of the element can be manufactured. In 
this case, the reflecting mirror must be formed before- 
hand between the buffer layer 41 and the n-type clad- 
ding layer 42. 

As shown on Figs. 6(A) to 6(D), an n-type substrate 
is used to form a light-emitting device, but a p-type sub- 
strate can also be used, as illustrated on Figs. 7(A) and 
7(B). In Fig. 7 (A), a p-type buffer layer 51. p-type clad- 
ding layer 52, active layer 53, n-type cladding layer 54, 
and n-type contact layer 55 are formed on a p-type sub- 
strate 50. The bottom electrode 58 is formed on the bot- 
tom of the layered structure, and a reflecting mirror 56 
is formed on the top. As shown on Fig. 7(A), by irradiat- 
ing laser light 59 having a wavelength that Is absorbed 
by the p-type cladding layer 52 from the top of the re- 
flecting mirror 56. a high resistance region is formed as 
indicated by the hatching on Fig. 7(A). By removing the 
reflecting mirror 56 and adding the top electrode 57 lay- 
er, the light-emitting device shown on Fig. 7(B) is fabri- 
cated. 

In the embodiments described above, an example 
of fabricating one laser device on the substrate was de- 
scribed for convenience. However, a microlens array 
can be used and a plurality of laser devices can be fab- 
ricated on the substrate. Fig. 8(A) shows one example 
of a microlens array. If the microlens array 61 in the fig- 
ure is used, a plurality of non-striped (i.e. surface emis- 
sion) laser devices can be manufactured at one time. 

A manufacturing method for laser devices having a 
striped rod lens array is shown on Fig. 8(B). In the above 
embodiments, laser devices were described, however 
the manufacturing process can also be used to fabricate 
LED devices. 

As explained above, a semiconductor device is 
formed that contains semiconductor layers in which the 
layer resistivities are changed by annealing. Such de- 
vice includes semiconductor layers composed of a low 
resistance area, where the acceptor impurities have a 
high activation coefficient, and a high resistance area, 
where the acceptor impurities have a low activation co- 
efficient. Control of the activation coefficients is effected 
by irradiation of the device with laser light. 

The semiconductor device may be formed having 
p-type semiconductor layers in which the layer resistiv- 
ities are changed by annealing device features. The 
manufacture of such device involves forming p-type 
semiconductor layers from a low resistance region, 
where the activation coefficient of acceptor impurities is 
high, and a high resistance region, where the activation 
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coefficient of acceptor impurities Is low. The activation 
coefficients are controlled by Irradiation of the device 
with laser light. 

The semiconductor device may be used as a !ight- 
emitting device by forming a double heterostructure 
having a n-type cladding layer, active layer, and either 
a p-type cladding layer or another heterostructure. 

In the semiconductor device, the p-type cladding 
layer may be a p-type semiconductor layer formed from 
a low resistance region, where the activation coefficient 
of acceptor impurities is high, and a high resistance re- 
gion, where the activation coefficient of said impurities 
is low. 

The semiconductor device may be formed such that 
a contact layer is provided that becomes ohmic and that 
is in contact with a specified electrode on the opposite 
side of the active layer side of the p-type cladding layer 

The semiconductor device may also include a low 
resistance region that forms a confinement structure 
surrounded by the high resistance region. The semicon- 
ductor device may have a contact layer that is a p-type 
semiconductor layer, wherein a forbidden band gap is 
smaller than that of the cladding layer Such contact lay- 
er has a resistivity which Is changed by annealing. The 
contact layer is formed from a low resistance region, 
where the activation coefficient of acceptor impurities is 
high, and the acceptor Impurities are activated in the low 
resistance region by irradiation with laser light. 

In addition, the manufacturing method herein may 
include a step to irradiate laser light having a wavelength 
that is absorbed in the semiconductor layer in a part of. 
or the entire, region of the semiconductor layer, to there- 
by change the resistivity of the Irradiated region by an- 
nealing that results therefrom. In particular, the manu- 
facturing method may include a step that Irradiates laser 
light having a wavelength that is absorbed in the p-type 
semiconductor layer in a part of, or the entire, region of 
the p-type semiconductor layer, wherein the resistivity 
is changed by annealing, thereby changing the resistiv- 
ities of said Irradiated area. 

The manufacturing method may be used to fabri- 
cate a ilght-emitting device featuring a p-type cladding 
layer that has a double heterostructure of an n-type clad- 
ding layer, an active layer, and either a p-type cladding 
layer or another heterostructure that is formed from a p- 
type semiconductor layer, wherein the resistivity is 
changed by annealing. This embodiment of the inven- 
tion may include a step that changes the resistivity of 
the -irradiated region by irradiating laser light on a part 
of, or the entire region of, the p-type semiconductor lay- 
er. 

The manufacturing method may also include a step 
to Irradiate laser light having a wavelength that is ab- 
sorbed in a part of, or the entire, p-type semiconductor 
layer, that changes the resistivity of the irradiated re- 
gion, and that makes the low resistance region In the p- 
type semiconductor layer a confinement structure. 

The manufacturing method may also include a step 



to Irradiate laser light having a wavelength that is ab- 
sorbed in a part of, or the entire, p-type semiconductor 
layer, and that changes the resistivity of the irradiated 
region, such that the laser light irradiates and is con- 
s verged by a lens to cause the Irradiated region to be- 
come low resistance. 

The manufacturing method may also include a step 
to irradiate laser light having a wavelength that is ab- 
sorbed into a part of. or the entire, p-type semiconductor 
layer and that changes the resistivity of the irradiated 
regbn. Such step also forms a reflecting mirror in a part 
of the region to be irradiated by the laser light, blocks 
the laser light in that part, and lowers the resistance In 
the region irradiated by the laser light. 

When the manufacturing method is employed 
where the semiconductor device Is a light-emitting de- 
vice, the method Includes the steps of forming a p-type 
cladding layer and p-type contact layer from a structure 
consisting of a double heterostructure of, in order, an n- 
type cladding layer, an active layer, a p-fype cladding 
layer, and a p-type contact layer layered on the p-type 
cladding layer, where the double heterostructure has its 
resistivity lowered by annealing. Such method Includes 
a step that Irradiates laser light having a wavelength that 
is absorbed in the p-type contact layer and p-type clad- 
ding layer through the contact layer of said layered 
structure, and a step where the contact layer of the 
structure is irradiated with laser light having a wave- 
length that Is absorbed into the p-type contact layer, but 
transmitted through the p-type cladding layer 

The manufacturing method may also involve heat- 
ing a part of. or the entire, semiconductor device, Irra- 
diating laser light, and annealing; cooling a part of or the 
entire semiconductor device, irradiating laser light, and 
annealing; and/or irradiating laser tight in pulses and an- 
nealing. 

Thus, the invention provides a semiconductor light- 
emitting device In which the current confinement is su- 
perior compared to a light-emitting device manufactured 
by conventional Zn doping. The invention provides a 
method that produces a device having high precision 
and many degrees of freedom in the confinement struc- 
ture and that can create a confinement type, low resist- 
ance region. 

In addition, the manufacturing process is simplified 
in each step, compared to light-emitting devices fabri- 
cated by conventional etching. Because activation of the 
acceptor impurities can be performed by laser anneal- 
ing, controlling the annealing process is simple. Accord- 
ingly, when the invention herein is compared to the tech- 
nology presently in use to produce a low resistance re- 
gion confinement, e.g. etching and Zn doping, the for- 
mation of a confinement type, low resistance region Is 
relatively simple. 

Even when there is some processing error in the 
process to maintain conductivity in the semiconductor 
layer, the process can be redone by activating or deac- 
tivating the acceptor impurities. Therefore, device yield 
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IS signjficantiy increased. 
Claims 

1. A semiconductor device, comprising: 

a plurality of semiconductor layers in which lay- 
er resistivities are changed by annealing, said 
semiconductor layers further comprising: 

a low resistance area (44) where acceptor 
impurities have a high activation coeffi- 
cient; and 

a high resistance area (45) where acceptor 
Impurities have a low activation coefficient; 
and 

wherein said activation coefficients are control- 
led by irradiation with a laser light. 

2. The semiconductor device of Claim 1 . further com- 
prising: 

at least one p-type semiconductor layer (44) in 
which layer resistivity is changed by annealing; 
wherein said p-type semiconductor layer is 
formed from a low resistance region where an 
activation coefficient of acceptor impurities is 
high and a high resistance region where an ac- 
tivation coefficient of acceptor impurities is low; 
and 

wherein said activation coefficients are control- 
led by irradiation with a laser light. 
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The semiconductor device either of Claims 1 and 2, 
wherein said device is a light-emitting device further 
comprising: 

a double heterostructure comprising: 

an n-type cladding layer (54); 
an active layer (53); and 
either of a p-type cladding layer (52) or an- 
other heterostructure. 

The semiconductor device of Claim 3. wherein said 
. p-type cladding layer is a p-type semiconductor lay- 
er that further comprises: 

a low resistance region where an activation co- 
efficient of acceptor Impurities is high; and 
a high resistance region where an activation co- 
efficient of acceptor impurities is low. 

The semiconductor device of any of Claims 1 to 4, 
further comprising: 



35 



40 



45 



so 
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a contact layer (45, 55) that becomes ohmic 
and that is in contact with a specified electrode 
on an opposite side of an active layer side of 
said p-type cladding layer. 

The semiconductor device of any of Claims 1 to 5, 
wherein said low resistance region forms a confine- 
ment structure surrounded by sard high resistance 
region. 

The semiconductor device of either of Claims 5 and 
6, wherein said contact layer comprises a p-type 
semiconductor layer; and further comprising: 

a forbidden band gap. said band gap being 
smaller than said cladding layer; wherein said 
contact layer resistivity is changed by anneal- 
ing. 

The semiconductor device of any of Claims 5 to 7. 
said contact layer further comprising: 

a low resistance region where an activation co- 
efficient of acceptor impurities is high, and 
where acceptor impurities are activated in said 
low resistance region by irradiation with a laser 
light. 

A method of manufacturing semiconductor devices; 
comprising the steps of: 

forming a plurality of semiconductor layers 
which comprise: 

a low resistance area having acceptor im- 
purities that have a high activation coeffi- 
cient; and 

a high resistance area having acceptor im- 
purities that have a low activation coeffi- 
cient; and 

irradiating said layers with laser light having a 
wavelength which is absorbed into a part of, or 
the entire, semiconductor layer, wherein resis- 
tivity is changed by annealing effected in said 
irradiated semiconductor layer by said irradia- 
tion. 



1 0. The method of Claim 9. further comprising the step 

of: 

irradiating laser light having a wavelength that 
is absorbed in a p-type semiconductor layer in 
a part of. or the entire region of, said p-type 
semiconductor layer, wherein resistivity of said 
irradiated area is changed by annealing. 
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comprises a plurality of semiconductor layers, wherein 
layer resistivity is changed by annealing. The semicon- 
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